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I n t r o d u c t i o n
The serum total proteins represent the sum of numerous differ-

ent proteins, many of which vary independent of each other. Since 
measurement of the serum total protein concentration in blood is 
useful to evaluate, diagnose, and monitor a variety of diseases and 
conditions, it is one of the most frequent routine analyses done to 
investigate electrolyte disorders, inflammatory or infectious diseases, 
colostrum intake, and tumors (1). Its routine determination is also 
a prerequisite of serum protein electrophoresis (SPE) (2), the most 
common means of fractionating serum proteins. If the results are 
properly interpreted, SPE could be considered one of the most useful 
diagnostic aids available to the clinician. This technique is used in 
equine medicine for diagnosis, monitoring, and prognosis of many 
diseases that cause changes in albumin and globulin concentra-
tions (1). Poor performance, depression, fever, diarrhea, abdominal 

pain, and polyuria are clinical signs for which evaluation of the 
serum protein fractions is recommended (1). For diagnostic value, 
the measurements for all fractions must be reliable and correctly 
interpreted. To maximize the diagnostic value of SPE for clinical 
laboratories it is essential to have access to well-established relative 
and absolute reference values (3). Ideally reference intervals for 
serum or plasma parameters should be established in each labora-
tory; however, especially in veterinary laboratories, the establish-
ment of reference intervals is expensive, and the ideal may not be 
feasible for all laboratories (4).

Standard guidelines for blood sample handling state that plasma 
or serum should be separated from cells as soon as possible (within 
20 to 30 min) after clot formation is complete to avoid clot-induced 
changes in the concentration of serum analytes (5). Inadequate stor-
age of biologic samples, a potential source of preanalytic error, may 
markedly affect the concentrations of biochemical variables (6,7). 
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R é s u m é
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Therefore, changes in gas composition and acid–base values (8) and 
clotting parameters (9) under different storage conditions have been 
evaluated. However, the influence of storage conditions on total 
proteins and electrophoretic fractions in veterinary medicine is less 
well-documented. In the veterinary literature the effect of storage on 
colorimetric serum total protein stability has been limited to dog, rat, 
and avian samples (6,10,11), and the effect of storage conditions on 
the stability of serum protein fractions has been shown for cattle (12). 
In horses the storage conditions for measurement of serum or plasma 
protein concentrations have not yet been sufficiently standardized 
(8,9). Considering that in equine clinical practice there is a need to 
carry the samples from stable to laboratory, optimal management of 
the preanalytic phase is important (13). Thus, the aim of this study 
was to evaluate the effect of short-term storage (analysis within 3 h 
after collection, after 24 h at 14°C, after 48 h at 14°C, and after 48 h 
at 220°C) on total proteins and electrophoretic fractions (albumin 
and a1-, a2-, b1-, b2-, and g-globulins) in healthy horses.

M a t e r i a l s  a n d  m e t h o d s
Blood samples were obtained from 24 clinically healthy Italian 

Saddle Horses aged 6 to 10 y with a mean body weight of 530 6 20 
(SD) kg. The health status of the horses was checked by physical 
examination. The animals’ vaccinations were up-to-date, and the 
horses were free from internal and external parasites. All housing 
and care conformed to the standards recommended by the Guide 
for the Care and Use of Laboratory Animals and Directive 86/609 
CEE (14). All horses were fed standard rations, calculated to fulfill 
their nutritional requirements according to the specifications of the 
Institut national de la recherche agronomique, Paris, France (15). The 

standard ration comprised hay (first-cut meadow hay, sun-cured, 
late-cut, 8 kg/d; 6.9% crude protein on average) and a 50:50 mixture 
of oats and barley (approximately 3.5 kg/d). The daily ration was 
offered 3 times a day: at 7 am, 1 pm, and 6 pm. The mean composi-
tion values of the ration were 87% dry matter and 13% moisture. The 
dry matter contained 9.1% horse-digestible protein, 12.1% crude pro-
tein, 20.7% crude fiber, and 3.4% ether extract, as well as 0.80 horse 
feed units per 7 kg. Water was available ad libitum.

Blood was collected by jugular vein puncture into 10-mL 
Vacutainer tubes (Terumo Corporation, Japan) without antico-
agulant and then centrifuged at 755 3 g for 10 min. The obtained 
serum, removed with a plastic pipette and transferred into gradu-
ated Eppendorf microtubes (LP Italiana Spa, Milano, Italy), was 
divided into 4 aliquots and transported to the diagnostic laboratory 
for assessment of the total proteins and electrophoretic fractions 
(albumin and a1-, a2-, b1-, b2-, and g-globulins). The 1st aliquot 
was analyzed within 3 h after collection, the 2nd was refrigerated 
at 14°C for 24 h, the 3rd was refrigerated at 14°C for 48 h, and the 
last was frozen at 220°C for 48 h. The values obtained within 3 h 
after collection were considered the initial concentrations, at time 0. 
Before the analyses the samples were thawed at room temperature 
(18°C to 20°C).

The total protein concentration was measured at 125°C by the biu-
ret method with the use of commercially available reagents and an 
automated-analyzer ultraviolet spectrophotometer according to the 
procedures described by the manufacturer. This method is the most 
widely used colorimetric method for the determination of the total 
protein concentration in serum because of its simplicity, precision, 
and accuracy (2). The method is highly accurate for the range of total 
proteins likely to be found in serum (10 to 100 g/L), with linearity 

Table I. Average values and significance of differencesa for the total protein concentration, 
the percentage and concentration of protein fractions, and the albumin/globulin (A/G) 
ratio obtained by electrophoresis of serum from 24 healthy horses analyzed under 
different experimental conditions

  Experimental condition; mean 6 standard deviation
 Within 3 h
 after collection After 24 h After 48 h After 48 h
Parameter (time 0) at 14°C at 14°C at 220°C
Total proteins (g/L) 51.90 6 3.00 49.70 6 3.20 52.30 6 3.00 67.50 6 8.70b

Albumin (%) 56.07 6 5.18 55.08 6 5.49 54.26 6 4.22 53.56 6 7.38b

Albumin (g/L) 30.00 6 4.00 30.30 6 7.10 28.30 6 2.10 36.20 6 7.30b,c,d

a1-globulins (%) 1.76 6 0.39 2.12 6 0.53b 1.83 6 0.33 1.82 6 0.47
a1-globulins (g/L) 1.00 6 0.20 1.10 6 0.30 1.00 6 0.20 1.20 6 0.40b,d

a2-globulins (%) 7.14 6 1.46 7.56 6 1.55 7.78 6 1.35b 8.02 6 1.60b

a2-globulins (g/L) 3.80 6 1.10 4.10 6 1.00 4.10 6 0.73 5.40 6 1.20b,c,d

b1-globulins (%) 11.98 6 2.16 12.09 6 1.89 12.23 6 1.89 12.49 6 2.08
b1-globulins (g/L) 6.50 6 1.90 6.50 6 1.3 6.40 6 1.10 8.40 6 1.80b,c,d

b2-globulins (%) 6.12 6 2.27 6.25 6 2.67 6.18 6 2.14 6.17 6 2.40
b2-globulins (g/L) 3.30 6 1.20 3.40 6 1.5 3.30 6 1.10 4.20 6 1.60b,c,d

g-globulins (%) 16.50 6 3.94 16.50 6 4.64 17.70 6 3.15 17.90 6 4.54b

g-globulins (g/L) 9.00 6 3.40 9.60 6 3.40 9.30 6 2.00 12.20 6 3.80b,c,d

A/G ratio 1.28 6 0.24 1.28 6 0.33 1.20 6 0.20 1.22 6 0.46
a Significantly different (P , 0.05) from the values, bat time 0, cafter 24 hours at 14°C, and dafter 
48 hours at 14°C by the Bonferroni multiple-comparison test.
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of 0.1 g/L and sensitivity of 0.05 g/L. The amount of protein in the 
serum was then quantified by measuring the absorbance at 540 nm 
and comparing it with the absorbance of a solution containing a 
known concentration of a standard (bovine albumin, 52.8 g/L). The 
absorbance of each sample was measured in duplicate.

The protein fractions were measured by an automated system 
according to the procedures described by the manufacturer. For 
each sample, 25 μL of serum was applied to numbered wells. Each 
holder accommodated up to 24 samples. The proteins migrated in 
an electric field of 450 V for about 30 min. Electrophoresis was done 
on a supporting medium of cellulose acetate strips 76 3 60 mm. 
The buffering solution used was Tris-hippurato and distilled water 
(1:10). After the electrophoresis the strips were colored with Red 
Ponceau S for about 3 min. For destaining, a solution of orthophos-
phoric acid and distilled water (1:20) was applied for about 10 min. 
Finally, the strips were analyzed in a scanner densitometer, in which 
electrophoretic curves with related specific protein concentrations 
for each sample were displayed. The major protein fractions were 
divided from cathode to anode as albumin and a1-, a2-, b1, b2-, and 
g-globulins, respectively. All samples were assayed in duplicate by 
the same person each time. Samples exhibited displacement parallel 
to the standard curve; the intra-assay coefficient of variation was 
, 7% and the interassay coefficient of variation , 9% for all the 
parameters measured. The relative concentrations of the protein 
fractions were determined as a percentage of the optical absorbance 
and as a concentration expressed in grams per liter.

All results were expressed as mean 6 SD. All data were normally 
distributed (P , 0.05; Kolmogorov–Smirnov test). One-way repeated-
measures analysis of variance (ANOVA) was used to determine the 
significance of differences related to storage conditions (time and 
temperature); P-values , 0.05 were considered statistically signifi-
cant. The Bonferroni multiple-comparison test was used for post-
hoc comparison. Data were analyzed with the Statistica 8 software 
package (StatSoft, Tulsa, Oklahoma, USA).

Re s u l t s
The total protein concentrations ranged from 44.60 to 57.30 g/L 

within 3 h after collection, from 45.00 to 55.50 g/L after 24 h at 
14°C, from 44.70 to 56.60 g/L after 48 h at 14°C, and from 51.70 to 
78.90 g/L after 48 h at 220°C. A significant effect (P , 0.001) of the 
experimental conditions was observed for the total protein concen-
tration (F[2,46] = 89.48), which significantly increased after 48 h at 
220°C with respect to the previous experimental conditions (Table I). 
A significant effect (P , 0.05) of the different storage conditions was 
also observed for the concentrations of all the protein fractions, 
whereas ANOVA showed a significant effect on the percentages 
of only albumin (F[2,46] = 3.24; P , 0.05), a1-globulins (F[2,46] = 4.10; 
P , 0.01), a2-globulins (F[2,46] = 7.99; P , 0.001), and g-globulins 
(F[2,46] = 4.31; P , 0.01). The Bonferroni multiple-comparison test 
revealed a significant effect (P , 0.05) of the experimental conditions 
on the albumin percentage, which decreased after 48 h at 220°C 
versus time 0, and consequently the globulin percentages increased 
significantly (P , 0.05): a1-globulins after 24 h at 14°C versus time 
0, a2-globulins after 48 h at 14°C and after 48 h at 220°C versus time 
0, and g-globulins after 48 h at 220°C versus time 0.

Electrophoretograms for samples from the same horse analyzed 
within 3 h after collection and after 48 h at 220°C are shown in Figure 1.

D i s c u s s i o n
The results showed that time and temperature have a statistically 

significant effect on the total proteins and their fractions in equine 
serum. The fractions and the A/G ratio were within the range of 
values obtained in horses by electrophoresis in other studies (3). As 
previously found for other parameters in equine samples (16), the 
total protein values increased after 48 h of freezing. In fact, storage 
of serum for up to 48 h resulted in a significant increase in total 
proteins only after 48 h at 220°C. Modifications of the total  protein 

Figure 1. Cellulose acetate electrophoretograms of serum proteins of a clinically healthy horse obtained (a) within 3 h after sample collection and  
(b) after storage for 48 h at 220°C. Bands were visualized by Red Ponceau S staining and densitometer scanning.

(a) (b)
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concentration as an effect of storage conditions could be due to 
species-specific differences (6,10,11) or simply due to the high num-
ber of samples used in this study, which could influence the results 
of statistical analysis.

It is important to establish a range for serum albumin values 
because albumin has several important roles: a contribution to colloid 
oncotic pressure, maintenance of vascular permeability, modulation of 
coagulation, and as a carrier of many substances. In comparison with 
the results of other studies, in our study the albumin and g-globulin 
percentages were higher (15–17) and the a1- and a2-globulin values 
lower (3,16–18). Thus, the results of this study suggest that the storage 
of equine serum for 24 h and 48 h at 14°C does not have a significant 
effect on total proteins, albumin, and g-globulins but has a significant 
effect on a-globulins, and that the storage of serum for 48 h at 220°C 
considerably modifies all these parameters.

These findings demonstrate that serum protein fractions can be 
assessed within 48 h of blood collection when samples are stored at 
14°C because refrigeration does not change the results of analysis 
except for a-globulins. Thus, short-term storage could influence the 
electrophoretic fractions and the A/G ratio. The latter is of special 
interest to pathologists because it allows for systematic classification 
of the electrophoretic profile and identification of dysproteinemias 
(10). However, there is a discrepancy in the veterinary literature 
regarding values for the physiological A/G ratio in horses (3,16–18). 
Equine blood samples should be transported to the diagnostic labo-
ratory within a few hours and analyzed within 48 h at 14°C. The 
results found for equine species agree with those previously reported 
for bovine species (12) and are probably due to a different effect of 
temperature and time of storage on degradation of the molecular con-
figuration of albumin with respect to globulins. Almost all proteins 
are glycoproteins, whereas albumin contains no carbohydrate (2). 
Albumin has several molecular forms and exists as a monomer and in 
higher aggregate states. The monomer is stable for 5 months at 18°C, 
whereas the dimer and the tetramer dissociate into smaller forms 
within a few hours (19). The decrease of albumin found in equine 
species agrees with results obtained in cows (12). The influence of 
storage on the electrophoretic distribution of globulin fractions in 
mammalian species of veterinary interest is still little documented.

In conclusion, storage conditions appear to have a statistically 
significant effect, directly correlated to temperature and time, on 
total proteins and their fractions in horse serum. Further investiga-
tions, at different times and temperatures, are necessary to confirm 
these findings and to define storage guidelines for equine samples. 
Reliable information about preanalytic alterations should help vet-
erinary practitioners handle and store samples appropriately, so as 
to have good sample quality for correct diagnosis.
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